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Abstract

This paper presents an operating characteristics of the 5-phase bkW with developed the surface
permanent magnetic synchronous generato (SPMSG) in order to make a study of a polyphase ac
motors keeping hold of more advantages. There are shown a amplitude and waveform of the generated
electromotive force, in FFT analysis of harmonics, within output voltages, and reviewing a experiment
results in no-load test, resistive load, and inductive load using 5-phase induction motor by variable
output frequency. The operating characteristics of the developed manufacturing generator include
voltage regulation, efficiency, power factor, THD, and so on at rated load.
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2. =& 5% SPMSG §%

5% 220V 60Hz 3.0kWH 48 7315 7] 78
AAEF FAZ AFEs7] 98k, Maxwell 2D}
Simplorerg AH&-3sle] AR 242 7]t
A7/SPMSGE 7WatadvH1l. AA Alzfste] 74
Wk 54 220V 60Hz 5.0kW SPMSGe] 542 % 1
I}z

E: 1. JjeHEl SPMSGel EM
Table 1. Specifications of the developed SPMSG

T T2 T 2
AAZY 5.0Kw 1A Y7 220mm
AAAG 220V 44 9% 119mm
AARF 19.0A Gl 1.0mm

AAF o5 60Hz A% 85mm

ERS 85 IR EF F 407

AA345 | 900rpm Y4 2F F 2071

9& 8.0% |43 144 Y| 0.80mmx45turn

a& 84.9% 29 A 2% +ix9
LR 12.800e AR Nd2Fel4B
A7) 13.100G Ay B-HA 41.7MGOe
A4 Aw 318 TARAAAA | 470+ 514.79

(z=R,+jx,) | L,=39.23[mH]

3. SPMSG A&

N H 7)o FAEAS TAN] flste] L
13 22 A AR E s e 5 5
719 7)3=(SPMSQ = S| -AAE o= o 1214 &
AREsH7] wiiEel 2SS 7 = gler g S

Ph i ﬁ’.—_'
Vas 5-Phase
sy —p{ 3-Phase 220V
v, P | |Servo | | SPMSG [ Volage |2 15y
a-phase — Analyzsr — Motor 5.0Kw || Resuator |, Powd
20V v B, APM- | 220y || 030V "
60Hz —P - SF. SE)D GoHz P 1.5KVA | v Brake
| z 5E
GNDs I 5.0Kw 8Pole |» ¢ Vo
*
m I l "Controller
" &
AAPD-AST50N Resistor-Box

=230

Fig. 1. Block diagram of experimental apparatus
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Fig. 2. M-G setup apparatus for the generator
driving
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Table 2. Induced elctromotive force(EMF) by
variable frequency on no-load

T S5Hz | 10Hz | 30Hz | 50Hz | 60Hz | 65Hz
[t/ | (4.93/((10.02/((29.92/|(50.03/|(59.94/| (65.00/

MAZEASH | 4.93) |10.00) [ 29.99) | 49.98) | 59.87) | 65.01)

a% | 1948 | 39.12 | 11750 | 195.1 | 2282 | 2538
H [ b4 [ 1947 [ 3952 [119.25] 197.8 | 2371 | 2571
A & | 1964 | 3956 | 11857 198.0 | 247.3 | 256.9
d 119.36 | 39.35 |118.12] 1969 | 222.3 | 2555
| 1949 | 39.39 |118.36 | 196.95 | 233.73 | 255.83

a% | 2280 | 46.24 | 139.4 | 230.9 | 2784 | 300.5
b’ | 2276 | 46.57 | 140.0 | 232.0 | 279.1 | 3014
o | 2321 | 46.75 | 141.0 | 233.2 | 2810 | 302.7
v | d% [ 2265 | 4626 | 140.0 | 231.3 | 2781 | 299.8
| 22.86 | 46.46 |140.10 | 231.85 | 279.15 | 301.10

0.8526 | 0.8478 | 0.8448 | 0.8515 | 0.8373 | 0.8497
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Fig. 5. Phase voltage waveform of induced EMF
at a, b, c-phase on the 5Hz at no-load
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A G0 ms 1B.8 W

rms () 22 .80 V
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Fregtd) an 4.93 Hz
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Fig. 6. Line to line voltage waveform of induced
EMF at a, b, c-phase on the 5Hz no-load
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Fig. 7. Phase voltage waveform of induced EMF
at a, b, c-phase on the 60Hz no-load
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Table 3. Induced elctromotive force by variable
frequency on resistive 502 load

5.01 | 10.02 | 29.98 | 50.06 | 60.01 | 65.02

21.15 | 4252 |125.16| 199.6 | 235.8 | 245.9

18.07 | 3598 |105.87| 168.9 | 199.6 | 215.8

21.46 | 4264 |126.69| 203.8 | 240.1 | 263.8

0.3356|0.6710| 1.957 | 3.132 | 3.708 | 3.984
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R 5 ms 200 W
rms(f) 278.4 ¥
rms() 2731 v
rms (L) 281.8 V

rms( ) 2781 W
Freq(fi) mn E3.87 Hz
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Fig. 8. Line to line voltage waveform of induced
EMF at a, b, c-phase on the 60Hz no-load
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Fig. 9. FFT analysis result of induced back-EMF
waveform at 60Hz no-load
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Fig. 10. Waveform of line to line voltage of a-b
and b-c phase, b-phase voltage, and
a-phase line current at 5Hz and balanced
5-phase resistive 502 load
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Fig. 11. Waveform of line to line voltage of a-b
and b-c phase, b-phase voltage, and
a-phase line current at 60Hz and
balanced 5-phase resistive 502 load
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Table 4. Operating characteristics at the 5-phase
squirrel-cage induction motor load

izxLoL K 01?4 5”@%_ Ed EO
T Y I i | I
HT. 00 0940 | 006 | 624 | 02 | 1Th 0
3
14
as 70 09% | 0% | T84 | W4 | 1T 20| 635
3t
B!
H/;} A4 1318 | 0% | LIS | W6 | 177 600 | %06
TO
X!;i
5;} 70 18% | 08 | LT71 | 100 | 1630 % | 89
0
130% | 1896 2600 | 087 | 21691 | 1690 | 171 1030 | 75




54 5kW WY 74 A7 SAEA

37 9) 1309%7F H%= 1030NmE 7keled e ), o)
2 A7 4 2630A=, (@) a, b, 2] A4
G a’de] [ HPS B53 Ao, (b= 7
ato] 223} 34 2 A A5k A9E Hoj
Fa1 ATt 17 49F 17 120014 AREE S =
Voltech PM 30003} LeCory LM474 QA Z~F3
2 Leroy Somer FP.15/30 A&7] AgAAE A&
skt ®ek 17 132 /e v a854S

HolFErh

_l

Reading Floppy Oisk Orive

}I.el:rn'g

A M ! E A i
N Y PN P
| " If' Ih,_ ! s Y ; / l\\‘,

N AN i

A \ ‘ \ i 4 |
! I W,
‘ V\Nn'r Wy W py il -“»Nu

A 5 ms 108 Y

rms (f) 189.6 ¥
rms () 188.9 ¥
rms([) 188.3 ¥
rms( ) 2.B30 A
Freq(fl) N BB.19 Hz
! STOPPED

( ) a, b, cé, E% fciﬂ} A MER I
, b, c-phase and a-phase line current

(b) £33 3¥+ { E3 £H
(b) Measurement of out power, rpm, and torque

a8 12. M57|9 130% HolHM 2ESA
Fig. 12. Operating characteristics at 5-phase the
motor with rated 130% load

(142

100 90.6 84.9

90 77.5
80
70 63.5
60
50
40
30
20
10 ¢ 0
0 —

SRSt 1/4

8l 13. §23M
Fig. 13. Efficiency curve

5. WEE HTI|I2 EY BE

& Ashs Uea} ol aokdr),

A7) A w7 BAe E 13 2o,
A7l A TS R e

ToHr7F SHzel A 65Hz77}?<l Agxow WshHus
xl- EZI—?SLO_ o]_ )\ hq_

7} Fhapol A Al A Ak
b B 086 FAHY M, o= o] BHS AE
o] H]Ql 08506(=1/11756)9 o}F ZHEL & 5

lo
K=
ot
filo
Sh
5
i
"
N
S I

<l
o,
Sh
~ rlo
S|
B
X

8 5002 7} el % o A
RS bakel A, adel AAFE o us
of e S4¢ wolEth 18 1S oju) 244 7

Hd 7)) 4721 60Hzol A Aol 1996Velr,
@ 4 AR7E 3T08AC B £HE 3TKW
btk o) amAEe RAREe) 3ol AP
v AFE Ak o] Rl AYUEEL

n, Y

Journal of KIIEE, Vol. 27, No. 6, June 2013



)
&

T

z,
2
N
lo
N
==

T

z

)
o
a1
oz
&

(e
DR AEHGS W, S48 $UEHL
2 E

o
Mo
(RO
ihd
A
o
A

g
ol
—
<
X
lo

al
%
_0|L

o off N o~ offf o
N
(3
18
N
L
i)
=2
&‘1-1
rlo
k
BN
5=
o,
Mo
o
bl
]
ol
ol
=

¥O, M ol Be oo

s

(03
2
¥
¥,
7

=
e o
it
a1
oz
ME
)
N
lo
11
o
J[m
oX,
rlo
M
o
—
w
=
>
f
s

AN
=

e,

rlI.

2

|o
Nl
52
)

S

o
o)
=l

30,

rlr

w
o
2
oft
~N

o
)

e
>
)
o
=3
u
2
e
-
i<y
ko
o
X X
d
o rd
N
1% et _g‘ D’{H HO
O ool

2L M offf oo
4 oq @ ot N o 2 O i ge

SPMSGe] +xE4
WHEE f7]71xge] xghe
A As7] e Q3 wi AP 2 A8e

o0 Ao AlmE

off
tlo
]
I,
ol
1°)

References

(1) Hyung-Woo Jung, Min-Huei Kim, DongHee Kim, “A
Developoment ~ for  Surface  Permanent  Magnetic
Synchronous Generator(SPMSG) of 5-Phase 5kW’, Journal
of KIEE, Vol. 26, No. 01, pp. 87-96, 2012. 01. 31.

(2) Ayman S, Abdel-Khalik, Mahmoud I. Masoud, and Barry
W. Williams, “lmproved Flux Pattern With Third Harmonic
Injection for Multiphase Induction Motor”, IEEE Trans. on
Industry Applications, Vol. 27, No. 3, pp. 1563-1758,
March 2012,

(3] Min-Huei Kim, Nam-Hun Kim, Won-Sik Baik, “A
Five-Phase Induction Motor Speed Control  System
Excluding Effects of 3rd Current Harmonics Component”,
Journal of Power Electronics, Vol. 11, No. 3, pp.294-303,

Z1 - A7) Au) 83 =8A] 4274 A63%, 2013 69

oxl
ol
—o
oY,
=
okt
o~
(o
I
oY
offt
ot

2011. 05. 31.

(4) Min-Huei Kim, Nam-Hun Kim, Won-Sik Bak, “A
Five—Phase IM Vector Control System including of 3rd
Current  Harmonics  Component”,  8th  International
Conference on Power Electronics (ICPE2011-ECCE Asia),
pp.294-303, 2011. 05. 30.

(5) Min-Huei Kim, Nam-Hun Kim, Won-Sik Bak, “A
Five-Phase Induction Motor Speed Control  System
Excluding Effects of 3rd Current Harmonics Component”,
Journal of Power Electronics, Vol. 11, No. 3, pp.294-303,
2011. 05. 31.

(6) Min-Huei Kim, Sung-Un Choi, “A Direct Torque Control
System for lmproving Speed Response of Five-Phase
Induction Motor, Journal of KIEE, Vol. 26, No. 01, pp.
66-74, 2012. 01. 31.

(7) MinHuei  Kim, Nam-Hun Kim, Won-Sik Baik, “A
Five-Phase IM Vector Control System including of 3rd
Current  Harmonics ~ Component”,  8th  International
Conference on Power Electronics (ICPE2011-ECCE  Asia),
pp.294-303, 2011. 05. 30.

(8) Min-Huei Kim, Nam-Hun Kim, Won-Sik Baik, “The
Modified Direct Torque Control System for Five-Phase
Induction motor Drives”, Journal of KIEE, Vol. 23, No.02,
pp.138-147, 2009. 02. 25.

(9) N. Bianchi, S. Bolognani, and M. D. Pre, “Strategies for
the fault-tolerant current control of a five—phase
permanent-magnet motor, IEEE Trans. on Ind .Appl.,Vol.
43, No. 4, pp. 960 - 970, Jul./Aug. 2007.

(10) E. Levi, M. Jones, S. N. Vukosavic, and H. A. Toliyat,
“Steady-state modeling of series—connected five—phase
and six-phase two—motor drives,” IEFE Trans. on Industry
Application, Vol.44, No.5, Sep./Oct. 2008.

(1) HM. Ry, J. H Kim, and S. K Sul, “Analysis of
Multiphase Space Vector Pulse-Width Modulation Based
on Multiple d -q Spaces Concept”, IEFE Trans. on. Power
Electronics, Vol. 20, No. 6, Nov. 2005.

(12 M. J. Duran, F. Salas, and M. R Arahal, “Bifurcation
Analysis of Five—Phase Induction Motor Drives With Third
Harmonic Injection,” IEEE Trans. on Ind. Electron, Vol. 55 |
No. 5, pp. 2006 - 2014, May 2008.

(13) H. Xu, HA. Toliyat “Five-phase Induction Motor Drives
With DSP-Based Control System” IEEE Trans on Power
Electronics vol. 13, No.4, July 2002.

(14) L. Parsa and H. M. Toliyat, “Five-phase permanent
magnet motor drives,” IEEE Trans. Ind. Appl., Vol.41, No.1,
pp.30 - 37, Jan./Feb. 2005.

(15) H. A. Toliyat, “Analysis and simulation of five—phase
variable speed induction motor drives under asymmetrical
connections,” IEEE Trans. Power Electronics, Vol.13, No.4,
pp.748-756, Jul.1998.

(16) A. Igbal, “Dynamic performance of a vector—controlled
five-phase synchronous reluctance motor drive:  an
experimental investigation,”IET Electric Power Appl., Vol.2,
No.5, pp.298 - 305, Sep. 2008.



TBL (@58

19619 6€ 23441, 2006 29 AL
A7 £, 2008 A A7) Eskyt
EA WA D). & sty A7]FEy vl
A F 8. 1988~20001 LG Ak o i
o5 19919 1€ ~dA Alsrld gl E.
20063 ~ & A Fdol Tt A7) 253}

a2 (emE)
1951d 8¢ 25948, 1974 gl &

A7) (A, 19893 Fh
g driFstat Ed kAL, 19799
3Y~dAA gdolddistn A7 AF 3}
A 1993 79 ~19959 89 T B4
FHU g ATy AYAASE&ATFAEHPEAC)
AFaF. 1996 8¢9 IECON'96 HF=ZA 54
# A IEEE Senior Member. 1998~200611 #1223} 3]
o|A}, B34 AL, AFHESEATE A9 IY. AA
B g3 Fals Y.

S (kKB

1968 79 30¥€AY. 1991 2¢¥ gl
stul A7)FE &9 199393 2¥ T
metel A71Fskat (A4, 19973
29 sistd Q7T EQMAD).
2006 ~ &4 Gl st W71A1533}
Rad WA @z - 474083

7 = A8 o)A}

AF8 (¢=E®)

1950 119 20948, 1973 g &)
A7) Fe 9. 19759 G sk
A71883 EQ(AAL. 1987d Kobet &
Z (A}, 1987~1989 S 7 A4
A A2 A4 19999 59 ~2000
49 stdr|sts] AYHAAATE] A
2000 9¢9 ~2001d 2¥€ =¥ Kyushutl m3 4.
=z - A7|u)es] st dA Jddd Fd A7)
I8t W,

Journal of KIIEE, Vol. 27, No. 6, June 2013



